Data used in this study are from the National Youth Tobacco Survey (NYTS). NYTS datafiles can be downloaded from the Centers for Disease Control and Prevention at [www.cdc.gov/tobacco/data_statistics/surveys/nyts/](http://www.cdc.gov/tobacco/data_statistics/surveys/nyts/).

Introduction {#sec005}
============

Among the unknown public health implications of the expanding popularity of electronic cigarettes (e-cigarettes) are potential influences on adolescents' use of conventional and emerging tobacco products, with possibilities ranging from displacement to catalysis of tobacco product use \[[@pone.0177073.ref001],[@pone.0177073.ref002]\]. That e-cigarettes will reduce population-wide morbidity and mortality as a less harmful alternative to combustible tobacco is plausible but uncertain \[[@pone.0177073.ref003]\], and at least partly depends on the extent of e-cigarette uptake by adolescents who would not otherwise smoke cigarettes \[[@pone.0177073.ref004]\].

Over the past 5 years, adolescent e-cigarette ever and past month use has risen sharply \[[@pone.0177073.ref005]--[@pone.0177073.ref007]\]. Largely unregulated e-cigarette marketing and the extensive array of product flavors may disproportionately appeal to youth \[[@pone.0177073.ref008]--[@pone.0177073.ref011]\]. Concerns regarding adolescent e-cigarette use include exposure to potentially harmful toxins, renormalization of smoking behavior, nicotine dependence, and subsequent initiation and long-term use of cigarettes and other tobacco products \[[@pone.0177073.ref010]--[@pone.0177073.ref012]\]. Effective August 2016, the Food and Drug Administration finalized a rule deeming the agency\'s authority to regulate e-cigarettes and other tobacco products in the United States \[[@pone.0177073.ref013]\].

Despite major increases in e-cigarette ever and past month use, few investigations have examined how the behaviors and characteristics of adolescent e-cigarette users have evolved over time, including with regard to adolescent e-cigarette use and concurrent use of tobacco. Cross-sectionally, multiple large surveys have shown that adolescents who use e-cigarettes are more likely to use combustible tobacco products than e-cigarette non-users \[[@pone.0177073.ref014]--[@pone.0177073.ref018]\]. Poly-use of e-cigarettes and multiple tobacco products within the previous 30 days involves potentially complex patterns in use frequency and product combinations \[[@pone.0177073.ref018]\]: patterns that may be evolving over time.

In addition, relatively little is known regarding e-cigarette use and conventional cigarette smoking intensity or quitting behavior among youth. In Europe, among adolescent cigarette users, past month e-cigarette use was associated with more frequent smoking \[[@pone.0177073.ref019]\]. In large national surveys conducted in 2011 and 2012, ever and past month e-cigarette use was positively associated with cigarette smoking and negatively associated with smoking abstinence among cigarette ever-users in the U.S. \[[@pone.0177073.ref020]\] and Republic of Korea \[[@pone.0177073.ref021]\].

In the present study, we examined secular trends related to e-cigarette ever and past month use over five annual National Youth Tobacco Survey (NYTS) waves from 2011--2015. Such analysis covers a time period during which e-cigarette use grew increasingly prevalent among adolescents. Recent tendencies might help to predict future characteristics of the adolescent e-cigarette using population. Any changes in the relationships with use of tobacco products, particularly cigarettes, could provide insight as to how e-cigarette emergence might influence adolescents' other tobacco-related behaviors.

Our research objectives were to evaluate trends from 2011--2015 in e-cigarette ever and past month use among U.S. adolescents, grades 6--12, including: 1) prevalence of e-cigarette ever use and past 30-day use; 2) the relationships between past 30-day use of both e-cigarettes and other tobacco products; and 3) among cigarette users, the associations between past 30-day e-cigarette use and cigarette smoking intensity, quit attempts, and quit intentions.

Methods {#sec006}
=======

The present study analyzed repeated cross-sectional survey data from the National Youth Tobacco Survey (NYTS). The U.S. Centers for Disease Control and Prevention and the U.S. Food and Drug Administration administer the NYTS to monitor selected tobacco indicators used in informing comprehensive tobacco prevention and control programs. The NYTS is a nationally representative, school-based survey, which began in 1999, of private and public U.S. middle school (grades 6--8) and high school (grades 9--12) students. The NYTS uses a stratified, three-stage cluster sampling design for a voluntary self-administered survey with parental permission. Detailed survey methodology is available elsewhere \[[@pone.0177073.ref022]\]. The present analysis included five annual survey waves beginning in 2011, the first year that the NYTS featured items for e-cigarettes. Study reporting followed STROBE guidelines \[[@pone.0177073.ref023]\]. De-identified study data are freely available on the Internet \[[@pone.0177073.ref022]\]. The present analysis included no participant contact and generated no identifiable health information.

Study variables {#sec007}
---------------

The 2011--2015 waves of the NYTS include questionnaire items for ever use (lifetime, even once) and past 30-day use (≥1 day in the previous month) for e-cigarettes in addition to nine tobacco products: cigarettes, cigars (including little cigars and cigarillos), conventional smokeless tobacco (chewing tobacco and oral snuff), tobacco pipes, bidis, kreteks (clove cigars; not included in 2014 or 2015), snus, dissolvable tobacco, and hookah (tobacco waterpipe). In 2011--2013, e-cigarette ever use was determined by choosing the option "Electronic Cigarettes or E-cigarettes, such as Ruyan or NJOY" following the question, "Which of the following tobacco products have you ever tried, even just one time?" and past 30-day use determined by choosing that same option after the question, "During the past 30 days, which of the following tobacco products did you use on at least one day?" In 2014, e-cigarette ever use was determined from the survey item, "Have you ever tried an electronic cigarette or e-cigarette such as blu, 21st Century Smoke or NJOY?" and past 30-day use from the item, "During the past 30 days, on how many days did you use electronic cigarettes or e-cigarettes such as blu, 21st Century Smoke, or NJOY?" with seven categorical response options from 0 days to all 30 days, matching the question format used for tobacco products such as cigarettes and smokeless tobacco. In 2015, e-cigarette use questions were in the same format as 2014 but were preceded by a brief written description of how e-cigarettes may look, how they may be used, alternative names, and example brands. In all five years, use of other tobacco products, such as hookah, snus, and dissolvable tobacco, was determined from the same item that was used in 2011--2013 for e-cigarettes, although the number and order of listed responses differed in some waves. We considered two products to be used concurrently if each was used at least one day in the previous 30 days.

Among past 30-day cigarette users, the intensity of cigarette smoking was assessed according to the number of days that participants smoked in the past month (all 30 days or \<30 days) and the number of cigarettes smoked on days that cigarettes were used (\>10 per day or ≤10). All participants were asked how many times they had tried to quit cigarettes for at least one day in the past twelve months (≥1 time was considered a quit attempt). In separate items, all were asked whether they "are seriously thinking about quitting cigarettes" or "seriously thinking about quitting the use of all tobacco products." Answers were dichotomized as yes or no, regardless of whether participants indicated that they planned to quit within 30 days, 6 months, 12 months, or later.

Study size {#sec008}
----------

The NYTS sample size is designed to support estimates for tobacco-related knowledge, attitudes, and behaviors with precision of ±5% for 95% confidence intervals (CIs), including within subgroups defined by sex, grade, and race/ethnicity \[[@pone.0177073.ref022]\]. We pooled data over all grades (6--12) due to small numbers of e-cigarette users prior to 2014. As a sensitivity check, we repeated all analyses separately for the middle school and high school samples, and trends were not substantially different; however, tobacco use was consistently more prevalent among high school students.

Analyses were restricted to the 50,034 female and 50,977 male participants in the five NYTS waves from 2011--2015 (total N = 101,011). Across the ten products assessed in the NYTS, data were missing for 2.9% of all use questions, affecting 11.4% of participants (8.5% for ever use and 7.6% for past 30-day use). To avoid excluding these individuals in deriving variables such as never use of any product (as would occur in complete-case analysis), we multiply imputed missing values by chained equations, including missing grade in school (0.3% of participants) and race/ethnicity (3.8%), averaging all point estimates across 10 imputations and correcting variances with the standard formula \[[@pone.0177073.ref024]\].

Statistical methods {#sec009}
-------------------

Analyses were conducted separately for males and females. To account for sampling design, all analyses used NYTS standardized survey weights and Taylor series-linearized variance estimation in Stata 14 (StataCorp LP, College Station, USA). Model-based standardized marginal prevalences \[[@pone.0177073.ref025]\] were obtained by year, using survey logistic regression models (command: svy linearized) fitted with survey weights for the outcome of interest (e.g., past month cigarette use) with indicator variables for year, grade, and race/ethnicity (Black/African American, Hispanic/Latino, White, or other). Linear trends were assessed from survey logistic regression models with a continuous term for year. Additionally, standardized marginal prevalences of outcome variables (e.g., cigarette quit attempt) were tested by comparison group (e.g., past month e-cigarette use) using the Chi-squared test, with standard errors adjusted for multiple imputation. Given the large number of hypothesis tests, we set a conservative threshold of P\<0.001 to indicate statistical significance.

Sensitivity checks {#sec010}
------------------

Due to changes in e-cigarette question formatting after 2013, we repeated the trends analysis restricted to years 2011--2013. Additionally, complete-case analyses were conducted, in which participants with missing data for grade, race/ethnicity, or tobacco use variables were excluded, as opposed to imputing missing values.

Results {#sec011}
=======

Overall trends in ever and past month e-cigarette and other tobacco use {#sec012}
-----------------------------------------------------------------------

From 2011--2015, past 30-day cigarette use declined among both females and males, but past 30-day use of e-cigarettes increased dramatically ([Fig 1](#pone.0177073.g001){ref-type="fig"}). In 2014 and 2015, past 30-day e-cigarette use exceeded past 30-day cigarette use ([Fig 1](#pone.0177073.g001){ref-type="fig"}, in 2015: 9.4% e-cigarettes versus 5.4% cigarettes for females; 13.2% e-cigarettes versus 7.2% cigarettes for males). The percentage of the grade 6--12 population that used either cigarettes or e-cigarettes at least once in the prior month was greater in 2014 and 2015 than in any of the three years prior. The prevalence of using both cigarettes and e-cigarettes at least one day in the past month (not necessarily the same day) rose 7.3-fold among females (from 0.4% to 3.0%) and 3.7-fold among males (from 1.2% to 4.3%). Among past 30-day cigarette users, past month e-cigarette use rose sharply from 2011 to 2015: from 4.3% to 53.6% among females, and from 9.7% to 59.5% among males (not shown in tables). Past month use of ≥1 non e-cigarette tobacco product was lower in 2015 than in 2011 for both females and males but not statistically significantly different from 2013 or 2014 ([Fig 1](#pone.0177073.g001){ref-type="fig"}).

![Prevalence of past 30-day cigarette use, past 30-day e-cigarette use, and past 30-day use of other products in the National Youth Tobacco Survey, 2011--2015.\
Prevalence of past month use of cigarettes and e-cigarettes are shown for (A) females, N = 50,034 and (B) males, N = 50,977. As a result of increasing e-cigarette use, the percentage of individuals using either product increased, even as cigarette use declined. "Either" refers to use of at least one cigarette or e-cigarette on ≥1 day of the previous 30 days. "Both" refers to use of cigarettes ≥1 day of the previous 30 days and use of e-cigarettes on ≥1 day of the previous 30 days, not necessarily the same day. \"Any\" tobacco and/or e-cigarettes refers to use of ≥1 of cigarettes, e-cigarettes, cigars (including little cigars and cigarillos), conventional smokeless tobacco (chewing tobacco and oral snuff), tobacco pipes, bidis, kreteks (not included in 2014 or 2015), snus, dissolvable tobacco, or hookah on ≥1 day of the previous 30 days, not necessarily the same day. \"Any (non e-cigarette)\" product excludes e-cigarettes from the previous category. Marginal percentages adjusted across years for grade in school and race/ethnicity.](pone.0177073.g001){#pone.0177073.g001}

Overall, e-cigarette ever use increased 10-fold among females (from 2.5% in 2011 to 24.8% in 2015) and nearly 7-fold among males (from 4.3% in 2011 to 29.4% in 2015) ([Table 1](#pone.0177073.t001){ref-type="table"}). However, the percentage of past 30-day e-cigarette users that were male declined (not shown in tables): in 2011, nearly three-quarters of past month e-cigarette users were male (74.7%), but by 2015, past month e-cigarette users were more evenly divided by sex (59.8% male). Past month e-cigarette use increased in all racial/ethnic groups ([S1 File](#pone.0177073.s001){ref-type="supplementary-material"}). For females and males, past 30-day e-cigarette use was more prevalent among individuals who identified as Hispanic/Latino or White than among those identifying as Black or other ([S1 File](#pone.0177073.s001){ref-type="supplementary-material"}).

10.1371/journal.pone.0177073.t001

###### Electronic cigarette ever use and past month use according to ever use (yes or no) and past month use (yes or no) of other tobacco products, 2011--2015.

![](pone.0177073.t001){#pone.0177073.t001g}

  --------------------------------------------- --------------------------- --------------------------------------------------------------------- ----------------------------------------------- ---------------------------------------------------------------------------- ----------------------------------------------- --------------------------- --------- ------- --------------------------- -------- --------------------------- ---------
                                                **Females, grades 6--12**                                                                                                                                                                                                                                                                                                                                                                     
                                                Overall (n: sample size)    Ever use of any other tobacco[^1^](#t001fn002){ref-type="table-fn"}   p-value[^2^](#t001fn003){ref-type="table-fn"}   Past 30-day use of any other tobacco[^1^](#t001fn002){ref-type="table-fn"}   p-value[^2^](#t001fn003){ref-type="table-fn"}                                                                                                                  
  Yes (n: sample size)                          No (n: sample size)         Yes (n: sample size)                                                  No (n: sample size)                                                                                                                                                                                                                                                                         
  ***Ever use of e-cigarettes*:**                                                                                                                                                                                                                                                                                                                                                                                                             
                                                n                           \% e-cigarette ever (SE)                                              n                                               \% e-cigarette ever (SE)                                                     n                                               \% e-cigarette ever (SE)              n       \% e-cigarette ever (SE)    n        \% e-cigarette ever (SE)    
  All years                                     50,034                      11.6 (0.3)                                                            15,226                                          31.9 (0.6)                                                                   34,808                                          2.8 (0.2)                   \<0.001   6,213   41.7 (1.0)                  43,821   7.4 (0.3)                   \<0.001
  2011                                          9,315                       2.5 (0.3)                                                             3,091                                           7.2 (0.7)                                                                    6,224                                           0.2 (0.1)                   \<0.001   1,263   12.5 (1.4)                  8,052    0.9 (0.2)                   \<0.001
  2012                                          12,275                      5.6 (0.5)                                                             3,622                                           17.5 (1.2)                                                                   8,653                                           0.5 (0.1)                   \<0.001   1,510   27.1 (1.8)                  10,765   2.5 (0.3)                   \<0.001
  2013                                          9,177                       7.0 (0.5)                                                             2,931                                           21.7 (1.4)                                                                   6,246                                           0.7 (0.2)                   \<0.001   1,230   32.9 (2.3)                  7,947    3.3 (0.4)                   \<0.001
  2014                                          10,645                      18.1 (1.0)                                                            3,113                                           50.7 (2.0)                                                                   7,532                                           4.4 (0.6)                   \<0.001   1,272   66.1 (2.6)                  9,373    11.6 (0.9)                  \<0.001
  2015                                          8,622                       24.8 (1.0)                                                            2,469                                           65.8 (1.6)                                                                   6,153                                           7.9 (0.6)                   \<0.001   938     78.9 (2.5)                  7,684    18.3 (0.9)                  \<0.001
  Trend[^3^](#t001fn004){ref-type="table-fn"}                               \<0.001                                                                                                               \<0.001                                                                                                                      \<0.001                                       \<0.001                              \<0.001                     
  ***Past month use of e-cigarettes*:**                                                                                                                                                                                                                                                                                                                                                                                                       
                                                n                           \% e-cig. past month (SE)                                             n                                               \% e-cig. past month (SE)                                                    n                                               \% e-cig. past month (SE)             n       \% e-cig. past month (SE)   n        \% e-cig. past month (SE)   
  All years                                     50,034                      4.4 (0.2)                                                             15,226                                          12.7 (0.5)                                                                   34,808                                          0.8 (0.1)                   \<0.001   6,213   23.0 (0.9)                  43,821   1.8 (0.1)                   \<0.001
  2011                                          9,315                       0.6 (0.1)                                                             3,091                                           1.6 (0.3)                                                                    6,224                                           0.1 (0.0)                   \<0.001   1,263   3.4 (0.7)                   8,052    0.1 (0.1)                   \<0.001
  2012                                          12,275                      1.5 (0.2)                                                             3,622                                           4.6 (0.5)                                                                    8,653                                           0.1 (0.1)                   \<0.001   1,510   10.4 (1.1)                  10,765   0.2 (0.1)                   \<0.001
  2013                                          9,177                       2.4 (0.3)                                                             2,931                                           7.4 (0.8)                                                                    6,246                                           0.3 (0.2)                   \<0.001   1,230   14.5 (1.6)                  7,947    0.7 (0.2)                   \<0.001
  2014                                          10,645                      8.1 (0.7)                                                             3,113                                           23.6 (1.9)                                                                   7,532                                           1.5 (0.4)                   \<0.001   1,272   42.7 (2.7)                  9,373    3.4 (0.5)                   \<0.001
  2015                                          8,622                       9.4 (0.6)                                                             2,469                                           27.6 (1.5)                                                                   6,153                                           1.8 (0.3)                   \<0.001   938     51.5 (3.0)                  7,684    4.3 (0.4)                   \<0.001
  Trend[^3^](#t001fn004){ref-type="table-fn"}                               \<0.001                                                                                                               \<0.001                                                                                                                      \<0.001                                       \<0.001                              \<0.001                     
                                                **Males, grades 6--12**                                                                                                                                                                                                                                                                                                                                                                       
                                                Overall (n: sample size)    Ever use of any other tobacco[^1^](#t001fn002){ref-type="table-fn"}   p-value[^2^](#t001fn003){ref-type="table-fn"}   Past 30-day use of any other tobacco[^1^](#t001fn002){ref-type="table-fn"}   p-value[^2^](#t001fn003){ref-type="table-fn"}                                                                                                                  
  Yes (n: sample size)                          No (n: sample size)         Yes (n: sample size)                                                  No (n: sample size)                                                                                                                                                                                                                                                                         
  ***Ever use of e-cigarettes*:**                                                                                                                                                                                                                                                                                                                                                                                                             
                                                n                           \% e-cigarette ever (SE)                                              n                                               \% e-cigarette ever (SE)                                                     n                                               \% e-cigarette ever (SE)              n       \% e-cigarette ever (SE)    n        \% e-cigarette ever (SE)    
  All years                                     50,977                      14.6 (0.4)                                                            18,574                                          34.4 (0.6)                                                                   32,403                                          3.4 (0.2)                   \<0.001   9,219   43.8 (1.0)                  41,758   8.1 (0.3)                   \<0.001
  2011                                          9,284                       4.3 (0.5)                                                             3,793                                           10.2 (1.1)                                                                   5,491                                           0.5 (0.2)                   \<0.001   1,897   16.9 (1.8)                  7,387    1.0 (0.2)                   \<0.001
  2012                                          12,369                      8.3 (0.6)                                                             4,566                                           21.7 (1.4)                                                                   7,803                                           0.4 (0.1)                   \<0.001   2,363   32.4 (2.2)                  10,006   2.6 (0.3)                   \<0.001
  2013                                          9,216                       9.5 (0.6)                                                             3,438                                           24.7 (1.3)                                                                   5,778                                           0.7 (0.2)                   \<0.001   1,690   37.6 (1.8)                  7,526    3.3 (0.3)                   \<0.001
  2014                                          11,150                      21.5 (1.0)                                                            3,822                                           52.5 (1.9)                                                                   7,328                                           5.3 (0.6)                   \<0.001   1,826   63.9 (2.8)                  9,324    13.0 (0.8)                  \<0.001
  2015                                          8,958                       29.4 (1.1)                                                            2,955                                           69.5 (1.7)                                                                   6,003                                           9.5 (0.7)                   \<0.001   1,443   78.2 (2.9)                  7,515    19.8 (0.9)                  \<0.001
  Trend[^3^](#t001fn004){ref-type="table-fn"}                               \<0.001                                                                                                               \<0.001                                                                                                                      \<0.001                                       \<0.001                              \<0.001                     
  ***Past month use of e-cigarettes*:**                                                                                                                                                                                                                                                                                                                                                                                                       
                                                n                           \% e-cig. past month (SE)                                             n                                               \% e-cig. past month (SE)                                                    n                                               \% e-cig. past month (SE)             n       \% e-cig. past month (SE)   n        \% e-cig. past month (SE)   
  All years                                     50,977                      6.4 (0.3)                                                             18,574                                          15.7 (0.6)                                                                   32,403                                          1.1 (0.1)                   \<0.001   9,219   24.8 (0.9)                  41,758   2.3 (0.2)                   \<0.001
  2011                                          9,284                       1.6 (0.3)                                                             3,793                                           3.8 (0.6)                                                                    5,491                                           0.2 (0.1)                   \<0.001   1,897   6.9 (1.1)                   7,387    0.2 (0.1)                   \<0.001
  2012                                          12,369                      2.8 (0.3)                                                             4,566                                           7.2 (0.8)                                                                    7,803                                           0.2 (0.1)                   \<0.001   2,363   12.7 (1.3)                  10,006   0.5 (0.1)                   \<0.001
  2013                                          9,216                       3.8 (0.4)                                                             3,438                                           9.6 (1.0)                                                                    5,778                                           0.3 (0.1)                   \<0.001   1,690   17.9 (1.8)                  7,526    0.7 (0.2)                   \<0.001
  2014                                          11,150                      10.4 (0.8)                                                            3,822                                           26.9 (2.1)                                                                   7,328                                           1.9 (0.3)                   \<0.001   1,826   42.0 (3.2)                  9,324    4.2 (0.5)                   \<0.001
  2015                                          8,958                       13.2 (0.8)                                                            2,955                                           34.1 (1.9)                                                                   6,003                                           2.9 (0.4)                   \<0.001   1,443   51.9 (3.0)                  7,515    5.7 (0.6)                   \<0.001
  Trend[^3^](#t001fn004){ref-type="table-fn"}                               \<0.001                                                                                                               \<0.001                                                                                                                      \<0.001                                       \<0.001                              \<0.001                     
  --------------------------------------------- --------------------------- --------------------------------------------------------------------- ----------------------------------------------- ---------------------------------------------------------------------------- ----------------------------------------------- --------------------------- --------- ------- --------------------------- -------- --------------------------- ---------

In all years, e-cigarette use (ever and past 30-days) was associated with use of other tobacco products, but e-cigarette use prevalence increased from 2011--2015 among both other tobacco users and other tobacco non-users.

1\. Other tobacco includes: cigarettes, cigars, pipes, bidis, kreteks (2011--2013), conventional smokeless tobacco, snus, dissolvable tobacco, and hookah.

2\. Chi-square test for difference in use of e-cigarettes between users and non-users of other tobacco products

3\. P-for-linear trend, 2011--2015

Marginal percentages adjusted across years for grade in school and race/ethnicity.

Subgroup sample sizes (n) are the mean sample size over 10 imputations for missing value assignment.

Abbreviations: e-cig. = e-cigarette; n = sample size (denominator); SE = standard error

Trends in ever and past month e-cigarette use according to ever and past month use of other tobacco products {#sec013}
------------------------------------------------------------------------------------------------------------

Ever and past month e-cigarette use was strongly associated with ever and past month use of cigarettes and other tobacco products ([Table 1](#pone.0177073.t001){ref-type="table"}). In addition to this association, e-cigarette ever and past month use increased significantly from 2011--2015 among both other tobacco users and other tobacco non-users in both sexes (all trends P\<0.001) ([Table 1](#pone.0177073.t001){ref-type="table"}). In 2015, approximately two-thirds of adolescents who had ever tried any other tobacco product had also tried e-cigarettes. Among past 30-day users of at least one other tobacco product, the percentage of past 30-day e-cigarette users increased significantly from 2011--2015: from 3.4% to 51.5% among females, and from 6.9% to 51.9% among males ([Table 1](#pone.0177073.t001){ref-type="table"}).

In 2015, no tobacco product had higher past 30-day use prevalence than e-cigarettes among individuals who had never tried any other product. Among individuals who had never used any other product, prevalence of past 30-day e-cigarette use increased by an order of magnitude from 2011--2015: 0.1% to 1.8% for females; 0.2% to 2.9% for males ([Table 1](#pone.0177073.t001){ref-type="table"}). In 2015, for females, no other product exceeded 0.5% prevalence of past month use among never-users of anything else; for males, only past month use of conventional smokeless tobacco (0.6%) or cigars (0.6%) was above 0.5% among never-users of anything else (not shown in tables). Among past 30-day e-cigarette users, the percentage that had never used any other product increased from 2011--2015 among females (7.1% to 13.5%; P-for-linear-trend: 0.024) and males (6.7% to 15.0%; P-for-linear-trend: \<0.001) (not shown in tables).

Trends in past month use of other tobacco products according to past month e-cigarette use {#sec014}
------------------------------------------------------------------------------------------

In all years and both sexes, past 30-day use of other tobacco products, including cigarettes, non-cigarette combustibles, smokeless tobacco, and hookah, was significantly more common among past month e-cigarette users than past month non-users ([Table 2](#pone.0177073.t002){ref-type="table"}). From 2011--2015, past month e-cigarette users were decreasingly likely also to be past month users of other tobacco products, with the exception of hookah. Use of combustible and smokeless tobacco products also declined significantly among past month e-cigarette non-users ([Table 2](#pone.0177073.t002){ref-type="table"}). The percentage of past month e-cigarette users who were also past month users of any other tobacco product declined from 81.0% (females) and 88.9% (males) in 2011 to 58.3% (females) and 63.3% (males) in 2015 ([Table 2](#pone.0177073.t002){ref-type="table"}). Importantly, the decreasing prevalence of multi-product use among past month e-cigarette users did not occur among a static denominator of e-cigarette users, but rather, coincided with expanding e-cigarette use by a larger portion of the total adolescent population. Thus, although the percentage of past month other tobacco use declined when comparing the subpopulations of the past month e-cigarette users from year to year ([Table 2](#pone.0177073.t002){ref-type="table"}), the overall prevalence of using both e-cigarettes and other tobacco in the past month increased ([Fig 1](#pone.0177073.g001){ref-type="fig"}).

10.1371/journal.pone.0177073.t002

###### Past month use of other tobacco products according to past month use (yes or no) of electronic cigarettes, 2011--2015.

![](pone.0177073.t002){#pone.0177073.t002g}

                                                                                                      Females, grades 6--12   Males, grades 6--12                                                                                                                                                                             
  --------------------------------------------------------------------------------------------------- ----------------------- ----------------------- ------- ----------------------- -------- ----------------------- ---- -------- ----------------------- ------- ----------------------- -------- ----------------------- ----
  ***Any other tobacco in past month*:**                                                                                                                                                                                                                                                                                      
                                                                                                      n                       \% other tobacco (SE)   n       \% other tobacco (SE)   n        \% other tobacco (SE)        n        \% other tobacco (SE)   n       \% other tobacco (SE)   n        \% other tobacco (SE)   
  All years                                                                                           50,034                  12.2 (0.3)              2,094   64.5 (1.9)              47,940   9.8 (0.3)               \*   50,977   18.0 (0.4)              3,183   70.2 (1.3)              47,794   14.5 (0.4)              \*
  2011                                                                                                9,315                   13.4 (0.8)              69      81.0 (7.6)              9,246    12.9 (0.7)              \*   9,284    20.5 (1.0)              130     88.9 (4.1)              9,154    19.2 (0.9)              \*
  2012                                                                                                12,275                  12.6 (0.7)              180     89.0 (3.3)              12,095   11.4 (0.6)              \*   12,369   19.3 (0.8)              342     87.6 (3.2)              12,027   17.2 (0.7)              \*
  2013                                                                                                9,177                   12.8 (0.6)              213     74.6 (5.1)              8,964    11.3 (0.6)              \*   9,216    18.0 (1.0)              332     85.2 (2.7)              8,884    15.3 (0.9)              \*
  2014                                                                                                10,645                  11.9 (0.6)              849     63.0 (2.8)              9,796    7.5 (0.5)               \*   11,150   16.4 (0.8)              1,183   66.2 (2.3)              9,967    10.8 (0.8)              \*
  2015                                                                                                8,622                   10.6 (0.8)              783     58.3 (3.5)              7,839    5.8 (0.6)               \*   8,958    16.1 (1.0)              1,196   63.3 (2.1)              7,762    9.2 (1.0)               \*
  Trend[^2^](#t002fn003){ref-type="table-fn"}                                                                                 0.008                           \<0.001                          \<0.001                               \<0.001                         \<0.001                          \<0.001                 
  ***Cigarettes in past month*:**                                                                                                                                                                                                                                                                                             
                                                                                                      n                       \% cigarettes (SE)      n       \% cigarettes (SE)      n        \% cigarettes (SE)           n        \% cigarettes (SE)      n       \% cigarettes (SE)      n        \% cigarettes (SE)      
  All years                                                                                           50,034                  7.3 (0.3)               2,094   41.2 (1.6)              47,940   5.7 (0.2)               \*   50,977   9.5 (0.3)               3,183   43.7 (1.4)              47,794   7.1 (0.3)               \*
  2011                                                                                                9,315                   9.7 (0.8)               69      73.9 (8.1)              9,246    9.3 (0.7)               \*   9,284    12.2 (0.8)              130     73.7 (5.2)              9,154    11.1 (0.7)              \*
  2012                                                                                                12,275                  8.1 (0.6)               180     78.9 (5.0)              12,095   7.0 (0.5)               \*   12,369   11.1 (0.7)              342     74.2 (3.9)              12,027   9.2 (0.6)               \*
  2013                                                                                                9,177                   7.9 (0.6)               213     64.8 (5.6)              8,964    6.4 (0.5)               \*   9,216    9.6 (0.7)               332     65.4 (4.5)              8,884    7.4 (0.6)               \*
  2014                                                                                                10,645                  5.4 (0.4)               849     37.1 (2.3)              9,796    2.7 (0.3)               \*   11,150   7.5 (0.6)               1,183   38.3 (2.2)              9,967    4.0 (0.5)               \*
  2015                                                                                                8,622                   5.4 (0.5)               783     31.5 (2.4)              7,839    2.8 (0.4)               \*   8,958    7.2 (0.7)               1,196   32.3 (2.5)              7,762    3.5 (0.6)               \*
  Trend[^2^](#t002fn003){ref-type="table-fn"}                                                                                 \<0.001                         \<0.001                          \<0.001                               \<0.001                         \<0.001                          \<0.001                 
  ***Non-cigarette combustibles***[^***3***^](#t002fn004){ref-type="table-fn"} ***in past month*:**                                                                                                                                                                                                                           
                                                                                                      n                       \% combustible (SE)     n       \% combustible (SE)     n        \% combustible (SE)          n        \% combustible (SE)     n       \% combustible (SE)     n        \% combustible (SE)     
  All years                                                                                           50,034                  6.1 (0.2)               2,094   30.5 (1.5)              47,940   5.0 (0.2)               \*   50,977   10.5 (0.3)              3,183   43.7 (1.3)              47,794   8.2 (0.3)               \*
  2011                                                                                                9,315                   6.9 (0.4)               69      46.3 (9.2)              9,246    6.6 (0.4)               \*   9,284    12.4 (0.6)              130     66.8 (5.9)              9,154    11.4 (0.5)              \*
  2012                                                                                                12,275                  7.3 (0.5)               180     53.2 (4.9)              12,095   6.6 (0.4)               \*   12,369   12.2 (0.6)              342     67.6 (4.8)              12,027   10.6 (0.5)              \*
  2013                                                                                                9,177                   7.5 (0.5)               213     47.6 (6.2)              8,964    6.5 (0.5)               \*   9,216    11.6 (0.6)              332     62.3 (3.6)              8,884    9.6 (0.6)               \*
  2014                                                                                                10,645                  4.4 (0.4)               849     27.2 (2.3)              9,796    2.4 (0.3)               \*   11,150   8.0 (0.6)               1,183   37.5 (2.4)              9,967    4.7 (0.5)               \*
  2015                                                                                                8,622                   4.7 (0.5)               783     24.5 (2.3)              7,839    2.7 (0.4)               \*   8,958    8.3 (0.6)               1,196   35.7 (2.3)              7,762    4.3 (0.6)               \*
  Trend[^2^](#t002fn003){ref-type="table-fn"}                                                                                 \<0.001                         \<0.001                          \<0.001                               \<0.001                         \<0.001                          \<0.001                 
  ***Smokeless tobacco***[^***4***^](#t002fn005){ref-type="table-fn"} ***in past month*:**                                                                                                                                                                                                                                    
                                                                                                      n                       \% smokeless (SE)       n       \% smokeless (SE)       n        \% smokeless (SE)            n        \% smokeless (SE)       n       \% smokeless (SE)       n        \% smokeless (SE)       
  All years                                                                                           50,034                  1.8 (0.1)               2,094   12.9 (1.1)              47,940   1.3 (0.1)               \*   50,977   7.6 (0.3)               3,183   31.8 (1.6)              47,794   5.9 (0.3)               \*
  2011                                                                                                9,315                   2.1 (0.2)               69      26.0 (8.3)              9,246    2.0 (0.2)                    9,284    9.1 (0.9)               130     51.4 (6.7)              9,154    8.3 (0.8)               \*
  2012                                                                                                12,275                  2.2 (0.2)               180     28.7 (4.9)              12,095   1.8 (0.2)               \*   12,369   8.2 (0.6)               342     45.4 (4.1)              12,027   7.1 (0.6)               \*
  2013                                                                                                9,177                   1.8 (0.2)               213     19.8 (4.9)              8,964    1.3 (0.2)               \*   9,216    6.7 (0.8)               332     29.2 (3.6)              8,884    5.8 (0.7)               \*
  2014                                                                                                10,645                  1.7 (0.2)               849     11.1 (1.4)              9,796    0.9 (0.2)               \*   11,150   7.2 (0.7)               1,183   31.7 (2.9)              9,967    4.5 (0.6)               \*
  2015                                                                                                8,622                   1.5 (0.3)               783     9.6 (1.4)               7,839    0.7 (0.2)               \*   8,958    6.8 (0.9)               1,196   27.3 (2.5)              7,762    3.8 (0.7)               \*
  Trend[^2^](#t002fn003){ref-type="table-fn"}                                                                                 0.030                           \<0.001                          \<0.001                               0.035                           \<0.001                          \<0.001                 
  ***Hookah in past month*:**                                                                                                                                                                                                                                                                                                 
                                                                                                      n                       \% hookah (SE)          n       \% hookah (SE)          n        \% hookah (SE)               n        \% hookah (SE)          n       \% hookah (SE)          n        \% hookah (SE)          
  All years                                                                                           50,034                  4.1 (0.2)               2,094   35.0 (2.2)              47,940   2.6 (0.1)               \*   50,977   4.4 (0.2)               3,183   30.0 (1.6)              47,794   2.7 (0.1)               \*
  2011                                                                                                9,315                   2.5 (0.3)               69      21.1 (8.3)              9,246    2.3 (0.3)                    9,284    3.2 (0.4)               130     32.2 (6.5)              9,154    2.7 (0.3)               \*
  2012                                                                                                12,275                  3.0 (0.3)               180     28.1 (4.6)              12,095   2.6 (0.3)               \*   12,369   4.2 (0.4)               342     37.6 (4.2)              12,027   3.2 (0.3)               \*
  2013                                                                                                9,177                   3.4 (0.3)               213     28.8 (5.1)              8,964    2.7 (0.3)               \*   9,216    3.6 (0.3)               332     29.7 (3.4)              8,884    2.6 (0.3)               \*
  2014                                                                                                10,645                  6.7 (0.5)               849     38.9 (3.5)              9,796    3.9 (0.4)               \*   11,150   6.1 (0.5)               1,183   31.2 (2.8)              9,967    3.3 (0.3)               \*
  2015                                                                                                8,622                   4.8 (0.4)               783     34.9 (3.6)              7,839    1.7 (0.3)               \*   8,958    5.0 (0.4)               1,196   27.5 (2.5)              7,762    1.7 (0.3)               \*
  Trend[^2^](#t002fn003){ref-type="table-fn"}                                                                                 \<0.001                         0.108                            0.913                                 \<0.001                         0.100                            0.074                   

As e-cigarette past month use increased, use became less exclusively associated with combustible tobacco use.

1\. Chi-square test for difference in use of other tobacco products between past 30-day e-cigarette users and non-users (\* = P \< 0.001)

2\. P-for-linear trend, 2011--2015

3\. Non-cigarette combustibles include cigars, pipes, bidis, and kreteks (2011--2013)

4\. Smokeless tobacco includes conventional smokeless tobacco, snus, and dissolvable tobacco

Marginal prevalences adjusted across years for grade in school and race/ethnicity

Subgroup sample sizes (n) are the mean sample size over 10 imputations for missing value assignment.

Abbreviations: n = sample size (denominator); SE = standard error

Among adolescents overall, past month use of other tobacco (≥1 product, excluding e-cigarettes) declined 2.8-percentage points (females) and 4.4-percentage points (males) during the 5-year period ([Table 2](#pone.0177073.t002){ref-type="table"}). Over the same period, in the total adolescent population, past month use of e-cigarettes exclusively (no past month use of other tobacco products) increased 3.8-percentage points among females and 4.6-percentage points among males (not shown in tables).

Trends in cigarette-related behaviors and intentions according to past month e-cigarette use {#sec015}
--------------------------------------------------------------------------------------------

Over the study period and for both sexes, there was a tendency for past month cigarette users who also used e-cigarettes in the past month to be more likely to smoke cigarettes on all 30 days in the past month and to smoke \>10 cigarettes per day, but only the association with daily smoking reached the P\<0.001 threshold for statistical significance and only among males in 2011, 2012, and pooled over all five years ([Table 3](#pone.0177073.t003){ref-type="table"}). As past month e-cigarette use became more prevalent from 2011--2015, there was a declining trend (statistically significant for males only) in daily smoking and smoking \>10 cigarettes per day the percentage among past month e-cigarette users. Yet, among all past month cigarette users (i.e., not stratified by past month e-cigarette use), there was no statistically significant decline in cigarette smoking intensity during this period of rising e-cigarette past month use ([Table 3](#pone.0177073.t003){ref-type="table"}).

10.1371/journal.pone.0177073.t003

###### Cigarette use intensity and quit intentions according to past month use (yes or no) of electronic cigarettes, 2011--2015.

![](pone.0177073.t003){#pone.0177073.t003g}

                                                Females, grades 6--12   Males, grades 6--12                                                                                                                                                                                                     
  --------------------------------------------- ----------------------- ---------------------- ------------------------------------------ ---------------------- ------- ---------------------- -- ------- ---------------------- ------- ---------------------- ------- ---------------------- ----
  ***Cigarettes all 30 days in past month*:**                                                                                                                                                                                                                                                   
                                                n                       \% all 30 (SE)         n                                          \% all 30 (SE)         n       \% all 30 (SE)            n       \% all 30 (SE)         n       \% all 30 (SE)         n       \% all 30 (SE)         
  All years                                     3,633                   20.2 (0.9)             886                                        25.8 (2.2)             2,749   18.4 (1.2)                4,942   23.8 (0.9)             1,458   29.2 (1.7)             3,484   21.5 (1.1)             \*
  2011                                          893                     21.2 (1.9)             \-[^2^](#t003fn003){ref-type="table-fn"}   \-                     847     20.2 (2.0)                1,165   26.3 (1.8)             93      53.0 (7.2)             1,072   23.2 (1.9)             \*
  2012                                          970                     20.4 (1.8)             145                                        32.5 (6.8)             825     18.3 (2.0)                1,349   23.7 (1.7)             260     38.8 (4.9)             1,089   20.2 (2.0)             \*
  2013                                          740                     22.8 (2.3)             143                                        35.0 (5.5)             597     19.5 (2.9)                894     25.1 (2.1)             230     27.7 (4.6)             664     24.2 (2.9)             
  2014                                          577                     20.2 (2.2)             308                                        24.0 (3.3)             269     16.0 (2.9)                872     22.0 (2.2)             470     26.0 (3.6)             402     17.6 (3.2)             
  2015                                          453                     16.6 (2.2)             244                                        41.0 (3.2)             211     13.6 (2.9)                662     21.4 (2.2)             405     22.8 (2.8)             257     19.2 (4.3)             
  Trend[^3^](#t003fn004){ref-type="table-fn"}                           0.281                                                             0.008                          0.131                             0.093                          \<0.001                        0.322                  
  ***Smoked \>10 cigarettes/day*:**                                                                                                                                                                                                                                                             
                                                n                       \% 10/day (SE)         n                                          \% 10/day (SE)         n       \% 10/day (SE)            n       \% 10/day (SE)         n       \% 10/day (SE)         n       \% 10/day (SE)         
  All years                                     3,633                   6.4 (0.5)              886                                        9.9 (1.6)              2,749   5.2 (0.6)                 4,942   12.4 (0.6)             1,458   16.3 (1.5)             3,484   10.8 (0.8)             
  2011                                          893                     6.1 (0.9)              \-[^2^](#t003fn003){ref-type="table-fn"}   \-                     847     5.8 (0.9)                 1,165   13.4 (1.3)             93      36.4 (7.7)             1,072   10.8 (1.2)             
  2012                                          970                     6.5 (1.1)              145                                        9.5 (4.0)              825     6.0 (1.2)                 1,349   13.8 (1.3)             260     20.1 (3.7)             1,089   12.5 (1.5)             
  2013                                          740                     8.2 (1.3)              143                                        16.8 (5.8)             597     6.1 (1.9)                 894     13.9 (1.4)             230     17.5 (4.0)             664     12.5 (1.9)             
  2014                                          577                     7.9 (1.3)              308                                        10.6 (2.1)             269     4.6 (1.6)                 872     10.9 (2.0)             470     13.7 (3.4)             402     7.7 (2.9)              
  2015                                          453                     4.7 (1.1)              244                                        6.7 (2.1)              211     2.5 (1.3)                 662     10.0 (1.0)             405     11.2 (2.0)             257     8.4 (2.2)              
  Trend[^3^](#t003fn004){ref-type="table-fn"}                           0.761                                                             0.212                          0.258                             0.047                          \<0.001                        0.274                  
  ***Cigarette quit attempt in past year*:**                                                                                                                                                                                                                                                    
                                                n                       \% quit attempt (SE)   n                                          \% quit attempt (SE)   n       \% quit attempt (SE)      n       \% quit attempt (SE)   n       \% quit attempt (SE)   n       \% quit attempt (SE)   
  All years                                     3,633                   61.1 (1.2)             886                                        64.1 (2.9)             2,749   60.1 (1.5)                4,942   58.1 (1.0)             1,458   57.4 (2.0)             3,484   58.4 (1.3)             
  2011                                          893                     59.5 (2.4)             \-[^2^](#t003fn003){ref-type="table-fn"}   \-                     847     60.0 (2.6)                1,165   57.7 (2.3)             93      57.4 (6.9)             1,072   57.7 (2.4)             
  2012                                          970                     61.7 (2.3)             145                                        60.6 (6.3)             825     61.9 (2.3)                1,349   55.7 (2.0)             260     51.5 (5.8)             1,089   56.7 (2.4)             
  2013                                          740                     57.8 (2.6)             143                                        56.4 (6.2)             597     58.1 (3.0)                894     58.8 (2.2)             230     56.0 (4.4)             664     60.3 (2.8)             
  2014                                          577                     61.6 (2.8)             308                                        62.1 (3.9)             269     60.4 (4.6)                872     61.4 (2.7)             470     58.2 (3.7)             402     64.4 (4.5)             
  2015                                          453                     66.6 (3.5)             244                                        73.1 (4.3)             211     57.7 (5.5)                662     58.0 (3.1)             405     58.8 (4.3)             257     55.2 (5.1)             
  Trend[^3^](#t003fn004){ref-type="table-fn"}                           0.194                                                             0.023                          0.618                             0.370                          0.509                          0.500                  
  ***Thinking about quitting cigarettes*:**                                                                                                                                                                                                                                                     
                                                n                       \% think quit (SE)     n                                          \% think quit (SE)     n       \% think quit (SE)        n       \% think quit (SE)     n       \% think quit (SE)     n       \% think quit (SE)     
  All years                                     3,633                   58.6 (1.4)             886                                        59.6 (2.5)             2,749   58.2 (1.7)                4,942   58.4 (1.1)             1,458   59.0 (2.0)             3,484   58.1 (1.4)             
  2011                                          893                     52.7 (3.2)             \-[^2^](#t003fn003){ref-type="table-fn"}   \-                     847     52.9 (3.3)                1,165   47.8 (2.5)             93      48.7 (9.0)             1,072   47.8 (2.7)             
  2012                                          970                     64.6 (2.0)             145                                        62.6 (5.9)             825     65.1 (2.1)                1,349   64.7 (1.8)             260     55.4 (5.1)             1,089   67.6 (2.2)             
  2013                                          740                     55.0 (3.2)             143                                        49.4 (6.8)             597     56.4 (3.7)                894     57.8 (2.6)             230     56.6 (5.3)             664     58.4 (3.1)             
  2014                                          577                     61.7 (2.6)             308                                        61.1 (3.7)             269     61.9 (3.8)                872     63.3 (2.6)             470     60.6 (3.5)             402     65.6 (4.8)             
  2015                                          453                     61.8 (3.4)             244                                        63.0 (4.6)             211     60.3 (4.4)                662     61.5 (3.3)             405     62.4 (3.6)             257     59.7 (5.4)             
  Trend[^3^](#t003fn004){ref-type="table-fn"}                           0.129                                                             0.372                          0.233                             0.003                          0.111                          0.009                  
  ***Thinking about quitting all tobacco*:**                                                                                                                                                                                                                                                    
                                                n                       \% think quit (SE)     n                                          \% think quit (SE)     n       \% think quit (SE)        n       \% think quit (SE)     n       \% think quit (SE)     n       \% think quit (SE)     
  All years                                     3,633                   53.9 (1.3)             886                                        48.3 (2.6)             2,749   56.0 (1.6)                4,942   48.2 (1.1)             1,458   45.4 (2.1)             3,484   49.5 (1.3)             
  2011                                          893                     54.7 (2.9)             \-[^2^](#t003fn003){ref-type="table-fn"}   \-                     847     54.7 (2.9)                1,165   46.3 (1.9)             93      49.5 (7.2)             1,072   46.1 (2.1)             
  2012                                          970                     60.2 (2.5)             145                                        54.5 (6.6)             825     61.1 (2.6)                1,349   54.3 (2.0)             260     50.5 (5.3)             1,089   55.5 (2.4)             
  2013                                          740                     52.1 (3.0)             143                                        47.9 (6.3)             597     53.5 (3.7)                894     50.6 (2.9)             230     49.0 (5.3)             664     51.5 (3.2)             
  2014                                          577                     44.4 (2.8)             308                                        40.7 (4.3)             269     49.7 (4.7)                872     43.9 (3.0)             470     41.9 (3.5)             402     46.1 (4.9)             
  2015                                          453                     55.0 (3.9)             244                                        52.3 (4.1)             211     57.8 (5.4)                662     43.3 (3.1)             405     42.3 (4.1)             257     44.6 (4.5)             
  Trend[^3^](#t003fn004){ref-type="table-fn"}                           0.155                                                             0.476                          0.766                             0.135                          0.101                          0.943                  

Among past 30-day cigarette users, past 30-day e-cigarette use was not associated with cigarette quit attempts or quit intentions.

1\. Chi-square test for difference in cigarette smoking intensity or quit behavior/intentions between past 30-day cigarette users with or without past 30-day e-cigarette use (\* P \< 0.001)

2\. Estimates suppressed due to sample size (n \< 50)

3\. P-for-linear trend, 2011--2015

Marginal percentages adjusted across years for grade in school and race/ethnicity

Subgroup sample sizes (n) are the mean sample size over 10 imputations for missing value assignment.

Abbreviations: n = sample size (denominator); SE = standard error

As shown in [Table 3](#pone.0177073.t003){ref-type="table"}, among all past month cigarette users, there was no statistically significant linear trend in the percentage that made a cigarette quit attempt in the past year, reported thinking about quitting cigarettes, or reported thinking about quitting all tobacco In all years and both sexes, among past 30-day cigarette users, there was no association between past month e-cigarette use and past-year cigarette quit attempts, thinking about quitting cigarettes, or thinking about quitting all tobacco ([Table 3](#pone.0177073.t003){ref-type="table"}).

Sensitivity checks {#sec016}
------------------

Results were largely unchanged under sensitivity analyses based on complete cases (Tables [1](#pone.0177073.t001){ref-type="table"}--[3](#pone.0177073.t003){ref-type="table"} in [S2 File](#pone.0177073.s002){ref-type="supplementary-material"}). Restricted to 2011--2013 data, statistically significant trends in increasing e-cigarette ever use and past month use were maintained (Table 4 in [S2 File](#pone.0177073.s002){ref-type="supplementary-material"}). The trends showing lower prevalence of past month use of other tobacco products among past month e-cigarette users remained in the same direction but were less pronounced and not consistently statistically significant when 2014 and 2015 data were excluded (Table 5 in [S2 File](#pone.0177073.s002){ref-type="supplementary-material"}). There remained no association between past month e-cigarette use and past year cigarette quit attempts or cigarette and all tobacco quit contemplation in the 2011--2013 data (Table 6 in [S2 File](#pone.0177073.s002){ref-type="supplementary-material"}).

Discussion {#sec017}
==========

During a period of rapidly increasing e-cigarette use (past month and ever), the average profile of the adolescent e-cigarette using population (past month and ever) became less predominantly male, less singularly associated with use of other tobacco products, and became increasingly likely to include individuals who had never tried or did use other tobacco products in the past month. Expanding e-cigarette ever and past month use occurred simultaneously with a demonstrable shift in youth consumption of other tobacco products. Although past month combustible tobacco use declined, more U.S. middle school and high school students reported past month use of some form of tobacco and/or e-cigarettes in 2014--2015 than in 2011--2013, mostly driven by increasing past month use of e-cigarettes and hookah, as reported elsewhere \[[@pone.0177073.ref006]\]. Although e-cigarette past month users were less likely to be past month multi-product users in 2014--2015 than in previous years (2011--2013), in all years and both sexes, past month e-cigarette users were several times more likely than past month e-cigarette non-users also to use one or more other tobacco product in the past month, and those who also smoked cigarettes in the past month were not more likely to have attempted or contemplated quitting.

Meaningful decreases in adolescent past month cigarette use from 2011--2015 overlapped with large increases in past month e-cigarette use, raising the possibility of product substitution. It is plausible that both replacement (i.e., adolescents\' past month use of e-cigarettes instead of cigarettes and other tobacco products) and expansion (i.e., ever or past month use of e-cigarettes by adolescents who would not otherwise use tobacco) took place from 2011--2015. Over the five-year period, the absolute overall decline in past month use of all non e-cigarette tobacco products was nearly as large as the absolute overall increase in past month e-cigarette use.

The extent to which each of these two possibilities (substitution or expansion) accounts for the observed shifts in behavior cannot be estimated from these data. The observed declines in cigarette smoking were not unprecedented in the history of the NYTS. From 2000--2006, past month cigarette smoking by U.S. high school students declined from 28.0% to 19.8% \[[@pone.0177073.ref026]\]. Therefore, the recent availability e-cigarettes occurred during an existing trend of declining youth cigarette use. It is not knowable to what extent the decline in adolescent smoking from 2011--2015 represents a shift from what would have occurred had e-cigarettes not been available. Further research into adolescents\' motivations for using e-cigarettes, potentially in lieu of other tobacco products, is recommended.

The long-term public health effect of excess youth e-cigarette past month use cannot be quantified presently, but would be particularly destructive if e-cigarette past month use encourages, rather than replaces, other tobacco use. E-cigarette use is positively associated with cigarette smoking intention among adolescent non-smokers \[[@pone.0177073.ref027],[@pone.0177073.ref028]\], and recent prospective studies have reported that non-smoking adolescents \[[@pone.0177073.ref029]--[@pone.0177073.ref031]\] and young adults \[[@pone.0177073.ref032]\] who use e-cigarettes are more likely to initiate future cigarette use.

Multi-product use {#sec018}
-----------------

Multi-product tobacco use in adolescence carries over into adulthood. Over 80% of dual- users of smokeless tobacco and cigarettes in adolescence continued dual-use as young adults \[[@pone.0177073.ref033]\]. In the present study, over 50% of adolescents who reported past month use of at least one other tobacco product in 2015 were also past month users of e-cigarettes. Long-term data do not yet exist to track past month use of both e-cigarettes and other tobacco from adolescence into adulthood. However, whether e-cigarette ever and past month use has lasting implications for use of other tobacco products bears critical implications for the net population health impact of rising e-cigarette use in the overall population presently and in future years \[[@pone.0177073.ref001],[@pone.0177073.ref004]\].

In the present study, the percentage of past month e-cigarette users who also used other tobacco products in the past month was lower in 2015 than in 2011. This finding must be interpreted cautiously. This result does not imply a static population of past month e-cigarette users. Rather, the proportion with past month use of other products was calculated amid a growing denominator of e-cigarette past month users each consecutive year. In other words, past month e-cigarette use increasingly encompassed a broader population segment, capturing individuals who in previous years would have been past month e-cigarette non-users. As past month e-cigarette use became more common, the population who used e-cigarettes comprised more past month non-users of other tobacco products.

It is plausible that at least some individuals used e-cigarettes in the past month in place of or after switching from other tobacco products. As discussed above, the present analysis cannot determine directly whether the decrease in past month use of other tobacco products is a continuation of an existing trend that would have occurred without the emergence of e-cigarettes. It is also unknown to what extent the growing population of youth who had only used e-cigarettes in the past month now includes adolescents who otherwise would have been other tobacco product users or non-users. Further research is warranted to assess the extent to which e-cigarettes might attract new populations of individuals to nicotine-containing products versus acting as an alternative to cigarettes and other tobacco products.

Cigarette use intensity {#sec019}
-----------------------

Among cigarette smokers, past 30-day e-cigarette use was not statistically significantly associated with daily smoking or cigarettes smoked per day, with the exception of a significantly higher percentage of daily smoking among male past month e-cigarette users in 2011 and 2012. In Wales, adolescent heavy smokers were more likely to have bought or tried e-cigarettes than light smokers \[[@pone.0177073.ref034]\], as was the case in Poland, where dual-use of cigarettes and e-cigarettes was associated with more frequent smoking and greater cigarette consumption \[[@pone.0177073.ref019]\]. It is possible that cigarette users in these studies turned to e-cigarettes as a means to reduce their smoking, but the temporal ordering between e-cigarette initiation and smoking intentions in those studies or the present analysis is not clear. In the present study, the overall prevalence of intense cigarette use did not decline to a statistically significant extent during this period of declining smoking prevalence and rising e-cigarette use. We speculate that the observed decline in intensity of cigarette use among male past 30-day cigarette users who also used e-cigarettes in the past 30-days could reflect expanding past month e-cigarette use among less intense cigarette users after a period of early adoption primarily among heavier smokers.

E-cigarette use and smoking quit attempts or contemplation {#sec020}
----------------------------------------------------------

Over the study period, there was no consistently statistically significant trend in past month cigarette smokers reporting quit attempts or thinking about quitting cigarette use. Quitting contemplation was not associated with past month e-cigarette use in any survey year, consistent with results from previous cross-sectional studies of U.S. high school or college students \[[@pone.0177073.ref020],[@pone.0177073.ref035],[@pone.0177073.ref036]\]. Likewise, in a sample of high school students in Canada, current cigarette smokers who had ever tried to quit smoking were not more likely to have tried e-cigarettes than never-quitters \[[@pone.0177073.ref015]\]. In the present study, whether adolescents purposefully turned to e-cigarettes for smoking cessation versus other reasons was not specifically measured, but the lack of positive associations between e-cigarette past month use and quitting contemplation or quit attempts suggests that e-cigarette initiation is not taking place in larger numbers among adolescents looking to quit cigarettes than among those without an intention to quit. In surveys completed in Switzerland and the U.S., adolescents cited curiosity far more frequently than smoking reduction as a reason for e-cigarette use \[[@pone.0177073.ref037],[@pone.0177073.ref038]\]. This differs from findings for adult e-cigarette initiators, who cite smoking cessation as a motivation more commonly, especially among current smokers \[[@pone.0177073.ref039]\]. A systematic review of two randomized controlled trials in adults concluded that e-cigarettes are superior to placebo e-cigarettes and not significantly different from the nicotine patch in helping smokers to quit but graded the evidence as \"low\" or \"very low\" overall quality due to the small number of trials \[[@pone.0177073.ref040]\]. In population-based observational studies, e-cigarette use has been associated with less successful cigarette quitting among adults \[[@pone.0177073.ref041]\] and adolescents \[[@pone.0177073.ref020],[@pone.0177073.ref021]\].

The present study did not include a measure of the type or generation of e-cigarette devices being used. In the 2015 NYTS, more than half (53.4%) of e-cigarette ever users reported using only rechargeable or refillable devices \[[@pone.0177073.ref042]\], but device type was not measured in earlier waves. It is possible that earlier and later generation devices may differ in their associations with ever and past month use of other tobacco products and with cigarette quit attempts or quit contemplation among youth. Whether and how trends in these associations might differ by e-cigarette type are questions worthy of tracking in future NYTS waves.

There was also no statistically significant trend in reporting thinking about quitting all tobacco. The survey did not assess which non-cigarette tobacco products adolescents were considering quitting or continuing, or their specific motivations. Other studies suggest that adolescents or young adults view e-cigarettes, hookah, and other alternative tobacco products as less harmful than cigarettes \[[@pone.0177073.ref043]--[@pone.0177073.ref045]\], particularly dual-users with cigarettes \[[@pone.0177073.ref043],[@pone.0177073.ref046]\], which might contribute to their motivation to quit all tobacco completely.

Limitations and alternative interpretations {#sec021}
-------------------------------------------

Although NYTS data were collected over five consecutive years, each survey wave was administered to a separate cross-sectional population; therefore, the ordering between e-cigarette initiation and other tobacco behaviors could not be observed for individuals. It is possible that tobacco susceptible adolescents were independently predisposed to use both e-cigarettes and other tobacco products. Confounding variables were not taken into account in the analysis. Therefore, without the ability to rule out confounding or to establish the temporal relationship between quit attempts, past month e-cigarette use, and past month cigarette use, causal conclusions cannot be drawn from these associations alone.

In addition to possible confounding and the repeated cross sectional design, other study limitations warrant consideration. National data may obscure potentially important differences in e-cigarette use by region or rural/urban subpopulations, and individuals not enrolled in schools (e.g. home schooled or institutionalized adolescents) were excluded from the sample.

In terms of measurement, use of multiple products within the previous month does not necessarily indicate routine, regular, or heavy use of multiple products, and could indicate concurrent recent experimentation \[[@pone.0177073.ref018]\]. Use of ≥2 tobacco/nicotine products in the prior 30 days is common among adolescents who use tobacco products only 1 to 5 days per month, including among the majority of infrequent users of e- cigarettes \[[@pone.0177073.ref047]\]. However, while past month use may not indicate frequent use, past month use of multiple products among adolescents and young adults has been associated with psychosocial characteristics and behaviors, including use of marijuana, alcohol, and other drugs \[[@pone.0177073.ref048]\], sensation seeking, earlier age of tobacco initiation \[[@pone.0177073.ref049]\], and positive attitudes about tobacco companies and tobacco products \[[@pone.0177073.ref050]\]. Future research into the use of more than one tobacco product within a given time period is needed to improve our understanding of these behaviors and their implications for tobacco use trajectories among youth.

Categorizing tobacco behavior according to past month use will include both frequent and infrequent tobacco users in the same category. Decades of research on cigarette smoking support past month behavior as the standard measure for adolescent tobacco surveillance. Adolescents are much less likely to smoke daily than adults \[[@pone.0177073.ref051]\], but young non-daily smokers are at elevated risk of progression to daily smoking in adulthood \[[@pone.0177073.ref052]\]. Symptoms of tobacco dependence have been reported among adolescents who use tobacco products only 1 to 2 days in the prior month \[[@pone.0177073.ref053]\]. Past month smoking, even infrequently, is predictive of future smoking. Recent analysis of the US National Longitudinal Study of Adolescent to Adult Health showed that low intensity non-daily smoking in adolescence (smoked 1--5 cigarettes in the past month) was strongly associated with smoking in adulthood 14 years later \[[@pone.0177073.ref054]\].

As with cigarettes, most adolescent past month e-cigarette users do not use e-cigarettes daily, and many use infrequently \[[@pone.0177073.ref047]\]. Long-term, longitudinal evidence is not yet available regarding the outcomes of infrequent e-cigarette use by youth. Infrequent, recent use of other non-cigarette tobacco products is associated with future outcomes. For example, ever use of smokeless tobacco by self-identified non-regular users was strongly associated with progression to regular use over 4 years \[[@pone.0177073.ref055]\]. Among high school cigarette never smokers, past month e-cigarette use has been shown to be associated with cigarette smoking susceptibility \[[@pone.0177073.ref056]\] and future cigarette initiation \[[@pone.0177073.ref057]\], including in meta-analysis \[[@pone.0177073.ref058]\]. More research is essential for understanding the long-term implication of frequent and infrequent e-cigarette use by youth.

Phrasing of the e-cigarette use items changed during the study time period, potentially affecting comparability across survey waves. The format of the item recording past month e-cigarette use changed in 2014, with the e-cigarette item made more consistent with items for cigarettes and smokeless tobacco. This change may have contributed to the rise in reported e-cigarette prevalence between 2013 and 2014. E-cigarette past month use continued to increase from 2014 to 2015 under the new questionnaire format, as reported elsewhere \[[@pone.0177073.ref042]\]. However, the 2014 e-cigarette items did not include alternative e-cigarette terminology, such as "vapor pens" or "e-hookah," which could have underestimated e-cigarette use \[[@pone.0177073.ref059]\] relative to 2015, when these terms were added. Despite questionnaire changes, large increases in youth e-cigarette ever and past month use over this time period were mirrored in other national surveillance \[[@pone.0177073.ref007]\]. In a sensitivity analyses that excluded the 2014 and 2015 NYTS dataset, virtually all trends maintained the same direction as in the full dataset, although not all trends remained statistically significant, potentially due to lost statistical power under the lower prevalence of past month e-cigarette use prior to 2014. Additionally, the response choice order for several other tobacco products, including hookah, pipes, and bidis, differed from year-to-year, which may have contributed to variation in the estimated prevalence of past month use of other tobacco products. For example, prevalence of past month hookah use was highest in 2014, when hookah was listed first among response options. As a final consideration on variable definitions, the binary quit contemplation variables used in this analysis combined both individuals planning to quit in the near future and those planning to quit but not within the next 12 months. While most respondents did plan to quit within 12 months, it is conceivable that associations with e-cigarettes could differ depending on the planned timeframe for quitting.

Advantageously, this study included a large sample collected under a rigorous protocol and evaluated using a tested survey instrument. Of note, prevalence values were estimated using multiple imputation to address plausible non-response bias and may differ from other reports based on complete-case NYTS data.

Regulatory implications {#sec022}
-----------------------

Any proposed e-cigarette regulatory action must consider implications for adolescents, which may differ importantly from those for adults. New regulatory measures should be considered within the context of temporal changes in the characteristics of the e-cigarette using population (including ever and month past users).

Conclusions {#sec023}
===========

Over the five-year period from 2011--2015, adolescent e-cigarette ever and past month use transitioned from an activity predominated by males and past month users of multiple tobacco products to more mainstream behavior that increasingly included never-users of cigarettes and other tobacco products. The rise in e-cigarette popularity correlated with a sharp, albeit not unprecedented, decline in past month youth cigarette smoking, which could coincide with e-cigarette substitution for cigarettes among some youth. However, e-cigarette past month use, as measured in this analysis, was not associated with increased smoking quit attempts or quit contemplation, and the percentage of adolescents using any tobacco product and/or e-cigarettes remained high through 2015, suggesting there is also the potential for past month e-cigarette use among youth who would not otherwise have used cigarettes or other tobacco.

Supporting information {#sec024}
======================

###### Past 30-day electronic cigarette use by race/ethnicity, 2011--2015.

(PDF)

###### 

Click here for additional data file.

###### Sensitivity analyses: Complete case approach and results restricted to 2011--2013.

(PDF)

###### 

Click here for additional data file.
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